Objective: This study assesses differences in adiposity, aerobic fitness, and lifestyle characteristics in preschoolers according to their weight status and sports club (SC) participation. Method: As part of the Ballabeina study, 600 randomly selected preschoolers (mean age 5.1 8 0.6 years; 50.2% girls) were analyzed. Body composition was measured by bioelectrical impedance, aerobic fitness by the 20-meter shuttle run test, and physical activity by accelerometers. Eating habits, media use, and SC participation were assessed by questionnaires. Results: Overweight children (Swiss national percentiles) and children not participating in SC had both lower aerobic fitness and higher % body fat compared to their respective counterparts (all p ^ 0.028). In addition, children not participating in SC were less physically active, had more media use, and ate less healthy compared to children participating in SC (all p ^ 0.023). Controlling for parental sociocultural determinants attenuated differences in % body fat, in physical activity, and in eating habits. Conclusion: Aerobic fitness differs both according to weight status and SC participation in preschoolers. Furthermore, in view of the many differences in lifestyle behaviors, SC participation at this age could represent a more discriminatory indicator of healthy lifestyle characteristics than weight status.
Introduction
Children's lifestyles have unfavorably changed during the last decades: reported physical activity (PA) [1] and aerobic fitness have decreased [2] , while media use [3] and unhealthy eating habits have increased [4] . These changes are of concern because they have a deleterious effect on childhood overweight (OW) and health.
Cross-sectional studies in schoolchildren have shown that OW children have lower aerobic fitness compared to their normal-weight counterparts [5] [6] [7] . Although OW schoolchildren seem to be less physically active [8] , it is controversial if weight status-related differences in PA already exist in preschoolers [9] [10] [11] . Differences in study times might to some extent explain the differences in PA. To our knowledge, weight status-related differences in aerobic fitness have not been investigated in preschoolers. Furthermore, most studies conducted in preschool children found differences in media use [12, 13] , but not in eating habits [14, 15] between OW and normal-weight children.
Sports club (SC) participation represents a modifiable determinant for potential beneficial changes in adiposity, fitness and lifestyle characteristics, and its implementation is feasible on a large scale. However, it is unclear if observed differences between children participating or not in SCs are in fact due to SC participation or due to a healthy family lifestyle or parental support for PA. Thus, SC participation could be a mediator or a marker of fitness and a healthy family lifestyle. Indeed, schoolchildren who participate in sports activities generally have higher aerobic fitness [16, 17] , higher PA [16, 18] , less media use [18] , and healthier eating habits [19] compared to their counterparts. However, SC-related differences in body fat seem to depend on the amount of sports practiced [16, 17] . To our knowledge, only two studies focused on SC participation in preschoolers. The first one reported less media use in children who participate in SC [12] , while no differences in PA was demonstrated in the second [11] . Although SC participation starts at preschool age in many countries, there is no trial in young children investigating in a single study if there are differences in adiposity, aerobic fitness, and overall healthy lifestyle according to SC participation. Therefore, our objective was to assess differences in adiposity, PA, aerobic fitness, media use, and various eating habits in 4-to 6-year-old children according to their weight status and SC participation, while accounting for potential sociocultural confounders. We hypothesized that at this young age group, many differences would be seen according to their weight status, but only few according to their SC participation.
Material and Methods

Design and Participants
Baseline data from the Ballabeina study (http://clinicaltrials.gov NCT00674544) were collected in the late summer of 2008 and used for this current analysis. The study randomly selected 40 classes from areas with a high migrant prevalence (i.e. 6 40%) in two Swiss cantons, and its methodology has been reported previously [20] . This study was approved by the local respective ethical committees, and the parents or legal representatives of each child provided written informed consent.
Of the initial 727 preschool children, 655 consented (participation rate 90.1%). The current analysis included 600 children who had complete data for all variables studied.
Physical Activity
PA was measured with a Computer Science and Applications (CSA) activity monitor (GT1M, Actigraph, Pensacola, FL, USA), set to save data in 15-second intervals (epochs) [20, 25] as this interval has been shown to be adequate to detect the spontaneous activities of preschool children [25] . The CSA Actigraph is the most studied motion sensor in children and there is extensive evidence for a good reproducibility, validity, and feasibility [26] . This particular type of PA assessment has been shown to be valid across different activities in preschool children, with a Pearson correlation coefficient of r = 0.82 between VO 2 (ml/kg/min) and Actigraph counts/15 s [25] . The accelerometers were worn around the hip during 5 consecutive days. Validity was defined as at least 3 days of recording (2 weekdays and 1 day on the weekend) [27] , with a minimum of 6 h registration/day to include as much children as possible. The 6-hour validity was highly correlated with 10-hour validity (n = 502, r = 0.92, p ! 0.001). Data from monitored days were extrapolated by weighing weekdays and weekends (5: 2). Sequences of at least 10 min of consecutive zero values were removed and interpreted as accelerometer not worn [28] . Total PA was expressed as counts per minute divided by daily wearing time (mean daily wearing time: 10.8 8 1.2 h). Moderatevigorous and vigorous PA were defined as the number of 15-second intervals per hour spent in activities of 6 420 counts and 6 842 counts, respectively [25] .
Aerobic Fitness
The multistage 20-meter shuttle run test was used to assess aerobic fitness [29, 30] . This test measures aerobic capacity by letting the child run back and forth for 20 m with an initial speed of 8 km/h and a progressive 0.5 km/h increase of the running speed every minute indicated by a sound. The highest stage reached describes the peak aerobic performance, i.e. the highest performed speed corresponding to the time sustained in the test [30] . The maximal performance was determined when the child could no longer follow the pace or the child decided itself to stop because of exhaustion. The test results were expressed as stages (1 stage is approximately 1 min). The 20-meter shuttle run test has been found to be a reliable (test-retest r = 0.73-0.93) [29] and valid measure of maximum oxygen consumption as measured by treadmill testing (r = 0.69-0.87) [31] . Some formal adaptations of the original test were made due to the very young age of the children by having an adult running with the children until the end of the test to provide adequate pace. Intraobserver correlation for children aged 4-6 years was measured in our pilot study (n = 20) and was r = 0.84 (p ! 0.001).
Eating Habits
Eating habits were assessed using a semi-qualitative food frequency questionnaire validated in an identical population within the same study regions [32] . For the analysis of the questionnaire, all response options were recorded as daily frequencies, and the answers to the respective items were summed up to correspond to the 5 messages and their components developed by The Swiss Nutrition Society ( www.sge-ssn.ch/fileadmin/ pdf/100-ernaehrungsthemen/70-altersspezifische_ernaehrung/2-kinder/ernaehrungsscheibe/Nutrition_disk. pdf ). The five messages were based on factors implicated in childhood obesity: i) 'Drink water' (drinking water and decreasing sweetened drinks), ii) 'Eat fruit and vegetables' (eating fruits and vegetables), iii) 'Eat regularly' (eating meals regularly), iv) 'Make clever choices' (reducing fatty and sweet foods) and v) 'Turn your screen off when you eat' (reducing the intake of meals and snacks in front of television (TV)).
General Information
Parental body weight, height, place of birth, and educational level were assessed by questionnaire [20] . Parental migrant status was determined according to the place of birth. Migrants were defined as at least one parent born outside Switzerland [17, 32] and low educational level as at least one parent with no education beyond obligatory school (9 years). Further questions included media use (defined by time spent by children with TV viewing and video game playing (min/day)) as well as children's and parents' participation in a SC. Both children and parents were asked if they are engaged in a SC and given a yes or no option. In children, the type of sports and the number of sessions per week were also asked [20] . Parental OW/obesity and SC participation were defined as at least one OW/obese parent (BMI 6 25 kg/ m 2 ) or as at least one parent participating in SCs.
Whenever needed, teachers or specific translators provided assistance for filling up the questionnaires.
Statistical Analyses
Statistical analyses were conducted using SPSS version 16.0 (SPSS Inc, Chicago, IL, USA). Data are summarized as mean (standard deviation) for normally distributed variables, as median (interquartile range) for skewed variables, and as percentages for categorical variables. For the analysis, children's weight status and SC participation were categorized in two groups (OW/obese vs. normal weight or obese vs. normal weight and non-SC participation vs. SC participation). Sex differences in age, parental migrant status and educational level, weight status, and SC participation were assessed with the chi square test. Linear and logistic regression analyses were performed for continuous and categorical variables, respectively, with adiposity, aerobic fitness, and lifestyle characteristics as well as certain parental characteristics as the outcome and children's weight status or SC participation as the predictor variables. As few differences in sex and age as well as parental migrant status and educational level were found between weight status of SC participating groups, analyses concerning children's characteristics were subsequently adjusted for these potential confounders. We also tested if differences in children's characteristics according to weight status or SC participation were mediated by parental weight status or parental SC participation by adjusting the analyses for these parameters. Interactions between SC participation and age or sex as well as between weight status and age or sex were also tested. For children and parents, both sexes were pooled for simplicity and lack of interaction with sex. Statistical significance was set at p ! 0.050.
Results
Baseline Characteristics
Of the 600 children (5.1 8 0.6 years; 50.2% girls, table 1 ), 182 participated in SCs. According to the Swiss national percentiles, 120 children were OW/obese, and 65 obese. A more detailed description of the sample is shown in table 1 .
Differences in Adiposity, Aerobic Fitness, and Lifestyle Characteristics according to Children's Weight Status
OW/obese children had higher % body fat, lower aerobic fitness, and more daily servings of water compared to normal-weight children (both p ^ 0.040, table 2 ). There were no significant differences in PA, media use, and all the other eating habits (all p 6 0.054).
Comparing normal-weight with obese children revealed the same results as comparing normal-weight with OW/obese children (data not shown). Adjusting for sex and age as well as parental migrant status and educational level did not alter these results ( table 2 ) . Similarly, adjusting for parental weight status or parental SC participation did not alter these results, except that the borderline significant differences in vigorous PA became significant in favor of the normal-weight children (both p = 0.034, data not shown). In addition, after adjustment for parental weight status, differences in water consumption were no longer significant (p = 0.098, data not shown). There were no interactions between weight status and age or sex.
Differences in Adiposity, Aerobic Fitness, and Lifestyle Characteristics according to Children's SC Participation
As presented in table 3 , children not participating in SCs had increased % body fat, decreased total PA, spent less time in vigorous PA, and had lower aerobic fitness and more media use compared to children participating in SCs (all p ^ 0.028). In addition, they had less healthy eating habits (fewer servings of fruit, more servings of caloric beverages, fatty foods, and sweet foods as well as more frequent eating in front of TV; all p ^ 0.015). After adjustment for sex and age as well as parental migrant status and educational level, differences in % body fat, total PA, and some eating habits (fruit, caloric beverages and fatty foods) were no longer significant (all p 6 0.071). After adjustment for parental weight status or SC participation, the borderline nonsignificant differences in water and vegetables consumption became significant in favor of the children participating in SCs (all p ^ 0.044, data not shown). In addition, after adjustment for parental weight status, differences in total PA and fruit consumption were no longer significant (p 6 0.073, data not shown) and after adjustment for parental SC participation differences in caloric beverages consumption were no longer significant (p = 0.054). There were no interactions between SC participation and age or sex.
Discussion
The purpose of this study was to identify differences in adiposity, PA, aerobic fitness, media use, and various eating habits in preschool children according to their weight status and SC participation. Although there were no gender differences in SC participation, girls were more engaged in gym and swimming and boys more in team sports. OW/obese children and children not participating in SCs had both lower aerobic fitness and higher % body fat compared to their respective counterparts. In addition, children not participating in SCs were less physically active, had more media use, and ate less healthy compared to children participating in SCs. Hence, SC participation could represent a more discriminatory indicator of healthy lifestyle characteristics than weight status in preschoolers demonstrating particularly the importance of parental attitude and family lifestyle. Controlling for parental sociocultural determinants attenuated differences in % body fat, total PA, and eating habits [33] , and controlling for parental weight status or SC participation attenuated some differences in total PA and in eating habits.
OW/obese preschool children had lower aerobic fitness compared to their normalweight peers, a finding which is in agreement with previous results obtained in schoolchildren [5] [6] [7] . This lower aerobic fitness at this early age is of concern, as it has been shown that lower aerobic fitness further aggravates the increased cardiovascular risk due to obesity [34, 35] . The poorer performance in the 20-meter shuttle run test of OW/obese children may be attributed to their excess body fat, which represents an extra load [36] though differences in weight were rather small. It may also be that these children already avoid certain activities because of the greater energy cost [37] . Surprisingly, there were no differences in PA and SC participation between OW/obese and normal-weight children. The former result is in accordance with some [9, 11] but not all [10] data in young children. However, a prior report in preschoolers has found that OW girls participated more frequently in organized sports [12] . The authors explained their astonishing finding by a parental concern to prevent their children from becoming obese. In contrast to previous studies [12, 13] , we did not find any weight status-related differences in sedentary behavior, regardless if media use or resting activity, measured by accelerometry (data not shown), were used as markers for sedentary behavior. Furthermore, similarly to the few existing data in preschoolers, we also reported no differences in eating habits [14, 15] . Therefore, it is possible that the presence of weight status-related differences in PA, sedentary behavior, and eating habits in young children might depend on the population studied and might even be too small to be detected.
Our findings confirm cross-sectional and longitudinal data demonstrating higher aerobic fitness [16, 17, 38] and lower body fat [16, 38] in schoolchildren participating in SC. However, a previous study found no differences in body fat [17] and hypothesized that it might be due to less actual time spent in organized sports (in most instances only once a week) [17] . Indeed, in the other reports that showed differences in body fat [16, 38] , sports participation was considered only if the children practiced at least 3 h of extracurricular activities per week. Interestingly, an intervention based on an after-school program of 3 ! 90 min of PA per week reduced % body fat in the same age population [39] . In agreement with findings in older children [18, 19] , children participating in SC had higher PA and spent more time in vigorous PA than children not participating in SC. This increase in PA may have contributed to their improved aerobic fitness and body composition [33, 34] . The fact that Finn et al. [11] did not document any differences in PA of preschoolers according to their participation in organized activities might be explained by their shorter measurement period of PA.
In the current study, most children participated once a week in SC activities. In addition, there was no interaction with age, and thus differences according to SC participation were similar in 4-year-old children that may not have been engaged for very long. Therefore, our results rather than being a direct consequence of the child's participation may rather represent a positive parental attitude and support towards PA and a general more active and healthy family life. The same could be true for some studies in schoolchildren, especially when SC participation is not more than once a week. This is crucial as the influence of parental attitude represents a potentially modifiable factor. In our analysis, controlling for parental SC participation altered few results. However, parental SC participation is also only one of many facets of parental attitude towards a healthy family lifestyle.
Previous data have documented less media use [12, 18] and healthier eating habits [19] in preschool and/or schoolchildren participating in sports activities. We also found the same differences in our population sample. In addition, it has been shown that children of active parents have higher levels of PA [40, 41] and participate more frequently in extracurricular sports [17, 42] . Although we did not objectively assess parental PA, we observed significant differences in parental participation in SCs between children who participate in SCs and their no-participating counterparts.
Strengths of this study include a comprehensive assessment of adiposity, aerobic fitness, and lifestyle characteristics in a relatively large and randomly selected population of preschool children. It fills a gap in the more thorough investigation of various differences according to SC participation in young children. Another strength is the adjustment for sociocultural confounders which have not been controlled for in many previous reports. This study has also some limitations. First, its cross-sectional design limits the assessment of cause-effect relationships, and it is thus not clear if SC participation represent more a marker or a mediator of aerobic fitness and healthy lifestyles. Second, aerobic fitness was only tested by a field measure that represents an indirect measurement of VO 2 max. This may dilute the relationship between SC participation and weight status with aerobic fitness. However, laboratory tests would not have been feasible in this epidemiological study, and at this age the 20-meter shuttle run test may reflect performance in real-life at least as good as more experimental settings. In addition, it is well possible that the children were much more motivated by performing this strenuous exercise together than if it would have been done individually. Third, the type of SC participation may play a role in influencing our outcomes, and there were varying types of SC activities with no control or assessment of the intensity. Thus, we actually did not know in detail what the children did during their SC participation.
In conclusion, aerobic fitness differs both according to weight status and SC participation in preschoolers. Furthermore, in view of the many observed differences in lifestyle behaviors, SC participation at this age could represent a more discriminatory indicator of healthy lifestyle characteristics than weight status. Considering their young age and the weak frequency of participation in SCs, the latter finding probably reflects a general more active and healthy family life and/or a positive parental attitude and support towards PA.
